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The effectiveness of applying chitosan coatings containing rosemary and oregano essential oils to cheeses was analysed. Cheeses were coated by immersing the samples two or three successive times in the different formulations. The ripening indexes, water loss, fungal growth and sensory properties of the coated and non-coated cheeses throughout ripening were evaluated. The coatings both prevented weight loss and improved the microbial safety. The lipolytic and proteolytic activities were reduced in coated cheese in line with the antimicrobial effect of active coatings. Sensory evaluation revealed that the cheeses double coated with chitosan-oregano oil were the best evaluated in terms of aroma and flavour.







Semi-hard cheeses, usually ripened for around 15-30 days, have a smooth, creamy interior with little or no rind. These cheeses have a high moisture content and short shelf life, of about 21 days, under chilling. The most common causes of spoilage are the appearance of discolorations due to excessive surface dehydration or the growth of spoilage microorganisms on the cheese surface, mainly gram negative psycrotrophes, moulds and yeasts, which lead to undesirable flavors and taste, a clinging surface and important visual alterations (Chen and Hotchkiss 1993; Mannhein and Soffer 1996). Moulds usually develop on the cheese surfaces during ripening and could penetrate the inner part of the pieces, especially when defects or cracks appear after pressing. This supposes important losses in cheese manufacturing and a drop in profits. Some preservatives, such as sorbic acid or its salts, have been employed to lengthen the shelf life of these cheeses (Var et al. 2006). Nevertheless, these preservatives could impart an unpleasant taste, which represents a drawback (Liewen and Marth 1985).
The application of antibiotics, such as piramicin or natamicyn (E235), to the cheese surface, is a common practice in cheese manufacturing as a means of preventing surface spoilage, thus extending the shelf life. These compounds are usually applied by spraying or by dipping the cheese in 500 ppm piramicin aqueous solutions containing polyvinyl acetate, which also help to control the excessive water losses and fungal growth throughout storage. The incorporation of antibiotics on the rind surface makes it inedible while the extent of their penetration into the interior of the cheese, depending on the cheese type, could cause safety problems (Var et al. 2006). 
Packaging under vacuum or modified atmospheres with N2 or CO2 to reduce the O2 availability has also been used, in combination or not with preservatives, to lengthen the shelf life of semi-hard cheeses. These techniques do not represent a total solution to the problem as the microbial spoilage by yeast and bacteria is not avoided even at low oxygen concentrations and high carbon dioxide concentrations (Cerqueira et al. 2009). In fact, an excess of CO2 is not desirable as this gas dissolves in the fat fraction, leading to alterations in the taste and flavor of the cheese (Chen and Hotchkiss 1993). Moreover, once the packaging is opened, the protective environment completely disappears during the consumption period. Additionally, migration from the plastic packaging constituents to the cheese matrix could be an added problem (Var et al. 2006).
The application of edible coatings to prolong the shelf life and quality of semi-hard cheeses could become a viable alternative means of solving some of the above-mentioned problems. These coatings are usually based on biopolymers (polysaccharides, proteins, etc.), which create a modified atmosphere surrounding the commodity, similar to that achieved by controlled or modified atmosphere packaging (Conte et al. 2009; Mastromatteo et al. 2013). Additionally, they can be carriers for antimicrobial agents, embedded in the polymer matrix. Chitosan, in particular, has a great film-forming capacity while exhibiting antibacterial and antifungal activity, which makes it an interesting compound with which to develop active coatings for food application, in response to the growing demand for safe and healthy foods.
In this sense, Cerqueira et al. (2009) applied chitosan and galactomannana-based coatings to semi-hard cheeses to evaluate how the coating affects the surface spoilage of these cheeses. They found a decrease in the mould growth and the respiration rates of the cheeses when coating was applied. Duan et al. (2007) showed that chitosan–lysozime films and coatings can be applied in Mozzarella packaging to control the post-processing microbial contamination, improving the microbial safety of the cheese products.
Previous in vitro and in vivo studies reported promising results when using chitosan-essential oil- blend films/coatings. The incorporation of essential oil into chitosan films offers the possibility not only of imparting greater antimicrobial activity, but also of improving the film’s water vapour permeability (Sánchez-González et al. 2010). This improvement could contribute to the decrease in water loss throughout the product storage. 
The antifungal properties of oregano and rosemary essential oils have been extensively studied by several authors (Aguirre et al. 2013). Both essential oils have been reported to be active against a wide spectrum of microorganisms, derived from their high polyphenol content, the most abundant of which are carvacrol, eugenol and thymol (Lambert et al. 2001).
The aim of this work is to analyse the antifungal effect of chitosan coatings containing rosemary and oregano essential oils in semi-hard goat’s milk cheeses and their water vapour barrier effect during ripening. Their effect on the main cheese quality parameters was also analysed. To this end, the water loss and fungal growth of coated and non-coated cheeses throughout 15 days’ ripening were analysed, as well as the respiration rates. Likewise, the lipolytic and proteolytic activities and the cheese sensory properties were evaluated.

2. Materials and Methods
2.1. Raw materials
Milk from Murciano-Granadina goats supplied by the University dairy farm (Universitat Politècnica de València, Spain) was used to produce the cheeses. A total of 150 L (3 bathes of 50 L) was used to conduct all the experiments. 
The chemical composition analysis of milks was carried out at LICOVAL (Laboratorio interprofesional lechero de la Comunidad Valenciana, UPV, Valencia, Spain). The analyses were performed by a CombiFoss 6000 (Foss, Hillerød, Denmark) to obtain fat, protein and lactose contents and somatic cell counts.
High molecular weight chitosan (CH), with a deacetylation degree of 75.6% (CAS Number 9012-76-4, Batch 8530V, Sigma–Aldrich, USA), 98% glacial acetic acid (Panreac Química S.L.U. Barcelona, Spain) and oregano and rosemary essential oils (EO) (Herbes del Molí, Alicante, Spain) were used to prepare the film-forming dispersion. 
The film-forming dispersions were prepared by dispersing 1.5% (w/w) chitosan (CH) in an aqueous solution of glacial acetic acid (0.5%, v/w) at room temperature. After an overnight agitation, oregano (O) and rosemary (R) essential oils were added in a CH:EO ratio of 1:0.5. The mixture was emulsified using a rotor–stator homogenizer (Ultraturrax T25, Jankel & Kunkel, Germany) at 13,500 rpm for 4 min.

2.2. Cheese-making process and treatments
Cheeses were manufactured from pasteurised milk (30 min at 65±5 ºC) following a standard protocol (Consellería de Agricultura, Pesca y Alimentación, December 23, 2008) at the pilot plant of the Animal Science Department at the Universitat Politècnica de València. Milk (50 L / batch) was heated up to 33 oC and 0.17% (w/v) lactic starter (Choozit® , Danisco, France), 0.25 (ml/l) of CaCl2 and 0.65 (v/v) of commercial liquid animal rennet (Laboratorios Arroyo, Santander, Spain) were added. After 30 min, the milk coagulum was cut into 8–10 mm cubes with a wire knife. The curds were heated at 36 oC and kept at this temperature for 10 min prior to adding NaCl at 8% w/v. When the curds’ grain size was adequate, the whey was removed and the curd was moulded into cylindrical pieces of about 250 g and pressed in two steps: first, it was pressed for 1 h at 2 bars; afterwards, the cheeses were turned upside down, and pressed again for 1h at 3 bars. After 24 h pressing, the coating treatments were applied. 
Cheeses were coated by immersing the pieces in the different coating formulations (CH-O and CH-R) for 30 seconds followed by surface drying in the ripening chamber. Two or three successive coatings were applied once the cheese surface was completely dried (treatments CH-O2, CH-R2, CH-O3 and CH-R3). Preliminary tests showed that the application of only one coating was not effective enough at reducing the cheese weight loss or fungal growth during ripening and so, only weight loss data for CH-R1 treatments are reported. Uncoated cheeses were also ripened and analysed as control samples (C), as well as cheeses treated with the commercial antibiotic (A) for comparisons. To this end, the pieces were immersed in an aqueous solution of 1.5 g/L piramicin (Proquiga, S.A., La Coruña, Spain) for 30 seconds to simulate the conventional process. For each treatment (C, A, CH-O2, CH-O3, CH-R2, CH-R3), ten replicates were carried out. 
Finally, the cheeses were placed in a ripening chamber under controlled conditions (10±5 oC, 80±5 %RH) for 15 days (t1). Afterwards, the cheeses were vacuum packaged (Tecnotrip Guerrero Coves, S.L., Valencia, Spain) and stored under chilling at 10 oC for 15 more days (t2).

2.3. Cheese characterization
2.3.1. Chemical composition of cheeses
The fat, protein, NaCl and moisture content of the cheeses were analysed by using a NIRS FoodScan (Foss, Hillerød, Denmark). The analyses were carried out in triplicate by grinding the cheeses in a homogenizer (Moulinex, Spain) and, afterwards, the proper amount of the sample was taken.

2.3.2. pH and water activity
The pH of the cheese samples was measured in triplicate by means of a pH-Meter, GLP 21+ (Barcelona, Spain), in two zones of the cheeses (the centre and near the rind). Measurements were taken immediately after manufacture (t0), after 15 days’ ripening (t1) and after 15 more days under chilling, vacuum packaged (t2).
The water activity (aw) was measured in duplicate by using Decagon Devices Inc. Aqua LaB (Lab-Ferrer, Lleida, Spain). Measurements were also taken in two different zones (the centre and near the rind) at the three times (t0, t1 and t2). 

2.3.3. Determination of Free fatty acids (FFA)
The FFA were determined following the method described by González-Martínez and Chiralt 1999. For free fatty acid extraction, 10 g of cheese and 6 g of Na2SO4 (Sigma-Aldrich, USA) were homogenized in a mortar, and the mix was stirred for 2 hours with 60 ml of diethyl-eter (Panreac, Barcelona, Spain). The final extract was titrated with an ethanolic solution of KOH 0.1 N, using phenolphthalein as indicator (Nuñez et al. 1986). Finally the solvent was evaporated and the solids dried in a desiccator. Total fat content was determined from the weight of the solids. The FFA concentration was expressed as meq/100 g of fat. Three replicates were carried out per sample at the different ripening times (t1 and t2).

2.3.4. Determination of free aminoacids (FAA)
The FAA were measured by using the Cd-ninhydrin reagent, as reported by Folkertsma and Fox (1992). 30 g of sample was added to distilled water (70 ml) and homogenized for 5 min at 5,000 rpm using a rotor–stator-homogenizer (Ultraturrax D125, Janke and Kunkel, Germany). Afterwards, the samples were placed in a water bath at 40 oC for 1 hour prior to centrifuging them at 7,000 rpm and 10 oC for 30 min. Finally, the supernatants were carefully removed and the FAA fractions were filtered. For the analysis, aliquots were taken and made up to 1 ml with distilled water. Then, 2 ml of previously prepared Cd-ninhydrin reagent were added. This new solution was placed in a water bath at 84 oC for 5 min and afterwards, cooled down to room temperature. The FAA content was determined spectrophotometrically (Evolution 201, Thermo Scientific, Sanghai, China) at 507nm. The FAA concentration was measured in triplicate at the different ripening times (t1 and t2), and expressed as mg of leucine/g of cheese by using a standard curve of leucine (Sigma–Aldrich, Madrid, Spain).

2.3.5. Weight loss and fungal growth evaluation
The weight of eight cheese pieces per treatment was monitored throughout the ripening period (till t1) and expressed as the relative weight loss with respect to the initial weight.
The fungal growth was evaluated at surface level by a visual inspection of the cheese surface, by counting the number of fungus colonies developed at every control time. These counts were performed in eight cheeses for each treatment. To identify the genera of fungi, each fungus was isolated from the cheese surface, incubated in agar at 25oC for 4-6 days in an incubation oven and identified by optical microscopy (Optika SRL, Ponteranica, Italy).

2.3.6. Respiration rate
The closed system method was used to measure the gas exchange rate of the cheeses (Cerqueira et al. 2010) at the beginning (t0) and the end of the first ripening period (t1). Glass, air-tight, cylindrical containers (1945 ml) were used, whose top lid was fitted with a septum for gas sampling. A whole, intact cheese sample was placed in each container.
The change in gas composition (O2 and CO2 concentrations) inside each container was monitored by means of a gas analyser (Dansensor, Checkmate 9900, Spain) for 24 hours. The O2 consumption and CO2 generation rates were determined by applying Eqs. (1) and (2) (Cerqueira et al. 2010).
 (1)
(2)
Where, RO2 is the O2 consumption rate, ml[O2] kg-1 h-1, RCO2 is the CO2 generation rate, ml[CO2] kg-1 h-1, w (kg) is the weight of the cheese and Vf (ml) is the head space volume of the container, calculated by Eq. (3).
(3)
Where, Vp (ml) is the total volume of the container, w (kg) is the weight of the cheese and ρch is the true density of the cheese (1.08 kg l-1), obtained experimentally by the water displacement method according to Owolarafe et al. (2007). From the slope of the relationships between O2 or CO2 concentration (volume fractions) vs. time, the values of the derivatives dyO2 /dt or dyCO2 /dt, were obtained. The respiration rate measurements were carried out in triplicate.

2.3.7. Sensory analysis
All the sensory evaluations were conducted in individual booths under white illumination at room temperature in an EU homologated sensory room at the Institute of Food Engineering for Development at Universitat Politècnica de València (Valencia, Spain), which follows the UNE 87-004-79 (AENOR, 1979). Mineral water was used as a palate cleanser between samples (AENOR, 1979).
After the t2 ripening period, samples were coded by a random three-digit code and analysed by a non-trained panel consisting of 100 judges, 21-57 year-old volunteers. The rind of the samples was eliminated before the test. 
The judges were asked to taste six kinds of samples (C, A, CH-O2, CH-O3, CH-R2, CH-R3) and to indicate the pleasantness of each sample in terms of appearance, aroma, flavour, texture and overall preference by using a 9-point Likert-type scale (1, not pleasant at all; 9, extremely pleasant). 

2.4. Statistical analysis
The results were analysed by means of analysis of variance (ANOVA), using the Statgraphics Plus 5.1. Program (Munugistics Corp., Rockville, MD). Fisher’s least significant difference (LSD) was used at the 95 % confidence level to distinguish the samples.

3. Results and Discussion
3.1. Physicochemical and ripening parameters of the cheeses
Milk composition ranged from 4.4-5.1 g fat/100 g, 3.2-3.8 g protein/100 g and 4.4-4.5 g lactose/100 g and the somatic cell counts from 852-2115 10-3 cell/ml. No significant differences in composition were found for the different batches used. The initial water content of the cheeses was 49.4±0.8 g water/100 g cheese, while the percentages (g/100 g cheese) of fat, protein and NaCl were 26.82±0.07, 19.71±0.07 and 1.43±0.03, respectively. Taking their water and fat contents into account, these cheeses can be classified as “full fat semi-hard cheeses” according to CODEX STANDARD (2013).
The treatments did not significantly affect the initial pH of the cheeses, this being around 5.2±0.2. As expected, the pH decreased (p<0.05) throughout the first ripening period to 4.85±0.04 (at t1) and during the second period, packaged under vacuum, to 4.75±0.12 (t2), in agreement with the progress of the enzymatic activity. No significant differences between the pH of the external and internal zones in the cheeses were observed. In no case were the water activity values significantly affected by the coating treatments. At the beginning of the ripening time (t0), the water activity values of all the cheeses (untreated and treated) were 0.989±0.001, for both the inner and the external parts of the cheese. This value became 0.987±0.002 and 0.981±0.001 for the inner and external parts of the cheese, respectively, after 15 days’ ripening (t1). No significant changes were observed during the second storage period (t2). The obtained water activity values are in the normal range for these kinds of cheeses (Ramos et al. 2012).
Figures 1 and 2 show the mean values of the Free Fatty Acids (FFA) and Free Aminoacids (FAA) of the different cheeses at the end of the first ripening period (t1) and after 15 days under chilling and vacuum packaging conditions (t2). These parameters are good indicators of the advance of the cheese ripening, mainly due to the lipase and peptidase activities carried out by the microflora. The degree of lipolysis (FFA) in cheese varies widely from variety to variety, from about 6 meq free fatty acids per 100 g of fat in Gouda to 45 meq in Danish Blue (Gripon 1993; El-Hofi et al. 2011). 
The FFA and FAA values obtained for the control samples were 5.7 meq/100 g fat and 1.5 mg leucine/g sample, respectively at t1. These values were in the order of those shown by other authors for one-month ripened non-blue cheeses (Nuñez et al. 1986; González-Martínez and Chiralt 1999). As can be observed in Figures 1 and 2, every treated cheese (those treated with the antibiotic and those coated) exhibited lower FFA and FAA values than the non-treated control, thus indicating that the lipolytic and proteolytic activities were limited due to the antimicrobial action of antibiotic or coatings. After 15 days’ chilling (t2), no notable change in the ripening indexes was observed, except in the case of the control sample where they significantly rose. These results indicate that, in samples treated/coated with antimicrobials, these compounds mainly controlled the microbial growth on the surface they were applied to, thus affecting ripening indexes. The concentration of antimicrobials inside the cheese will be limited by the slow diffusion processes (Fajardo et al. 2010). Thus, whereas the ripening process in treated cheeses mainly takes place due to the lipolytic and proteolytic activity of the starters added during the manufacturing process, in the control samples, surface moulds also seem to contribute to the lipolysis and proteolysis responsible for ripening. Nevertheless, the increase in FFA during the chilling period is relatively gentle due to the fact that the lipase activity mainly occurs during the first fifteen days of ripening and, after that, the level of lipolysis stabilizes due to the simultaneous generation and degradation of FFA through the chemical and biochemical pathways that are a consequence of the esterification and oxidative processes (Eck, 1990).

3.2. Weight loss of cheeses during ripening
Figure 3 shows the mean values of the weight losses throughout the ripening time of both uncoated cheeses and those coated with different successive chitosan coatings containing rosemary essential oil. Cheeses coated with oregano essential oil behaved similarly.
As can be observed, the weight loss undergone by uncoated cheeses (C) was significantly greater (p<0.05) than that observed for coated samples throughout the entire ripening time due to the water vapour barrier produced by the coatings. The application of two or three successive coatings reduced the weight losses incurred by the cheeses in comparison with those samples coated only once, in agreement with the increase in both the total solid content of the coatings and their thickness. Nevertheless, no significant differences (p>0.05) were found between the weight loss of double and triple-coated cheeses. 
The water vapour permeability of chitosan films was reduced when they contained essential oils, coherent with the hydrophobic nature of these lipid components and the discontinuities introduced in the polymer matrix by oil droplets, which increases the tortuosity factor for the transfer of water molecules (Sánchez-González et al. 2010). Similar trends were found by other authors for cheeses coated with galactomannan films (Cerquiera et al. 2009), whey protein (Ramos et al. 2012) and blend films based on carrageenan, alginate and gellan (Kampf and Nussinovitch 2000). The differences in the rate of water loss increased as the ripening time lengthened due to the fact that the film became progressively drier, implying a less plasticized structure with a greater resistance to mass transfer. 
After 15 days’ ripening, the final weight loss in the case of uncoated samples, those coated with one layer and those coated with two or three layers was 0.275±0.012, 0.25±0.02, and 0.220±0.008 g weight loss/100 g cheese, respectively, regardless of the essential oil used.

3.3. Effect of coatings on fungal growth and respiration rates
The fungi developed in the cheeses throughout ripening were identified to belong to the genera Mucor and Penicilium two of the fungi species most frequently occurring on cheeses (Hocking 2014).
The level of fungal incidence in cheeses treated using the different methods, as a function of the ripening time, is shown in Figure 4 where the percentage of cheeses infected by the natural fungal incidence of both genera is shown, together with the average number of CFU per cheese piece for each treatment. As can be observed, cheeses treated with the antibiotic (A) showed no fungal growth during ripening, while the uncoated ones (C) exhibited an intense mould growth of both genera, especially from the 9th day of ripening onwards. The application of coatings delayed or inhibited the fungal growth, depending on the type of essential oil and the number of coatings applied. 
Oregano essential oil exhibited a great antimicrobial activity against both fungi, Penicillium and Mucor. This is probably related to its high content in carvacrol (Aguirre et al. 2013), a potent antimicrobial compound with a wide spectrum activity against food spoilage or pathogenic fungi, yeast and bacteria. 
The application of three successive coatings was more effective than two, especially when using oregano essential oil. This result suggests that successive applications of coatings help to retain the active compounds on the cheese surface, making their antifungal action more effective. The CH-O3 treatment exhibited the greatest antifungal power, similar to that of the antibiotic (A).
Table 1 shows the mean values of the respiration rates of samples analysed at both the initial (t0) and final time of the first ripening period (t1), in terms of O2 consumption and CO2 generation. The initial values for the O2 consumption rate ranged from 8 to 1.3 ml kg-1 h-1 for untreated and treated cheeses, respectively. The obtained values were low when compared with those reported for Regional Saloio semi-hard cheese by Cerqueira et al. (2009), but higher than those found by Fedio et al. (1994) working on Swiss cheese. The composition of the cheese, the manufacturing process, the degree of cheese maturation and the microbial load all affect the respiration rates; the higher the microbial load, the greater both the O2 consumption and the CO2 generation (Robertson, 2006). This can be observed in the cheeses treated with antibiotics and coatings, which exhibited a great reduction in the oxygen consumption with respect to the control (about 76% in treatment A) due to the lower microbial load. The value of the CO2 production rate at initial time (t0) in treatment A was similar to that of the control cheese, whereas the oxygen consumption was lower. This indicates that the antibiotic affected the microbial activity near the cheese surface, where oxygen diffusion allows aerobic respiration, but did not at this time affect the anaerobic microorganisms located in the internal part of the cheese. A similar effect was observed for coated cheeses but with a greater reduction in CO2 generation. The coating effect on gas exchanges cannot only be attributed to antimicrobial activity but also to the gas barrier effect. The oxygen permeability of chitosan films is very low and, in some cases, the use of essential oils leads to a decrease in their values in line with their antioxidant activity (oxygen scavenger) (Bonilla et al. 2013). 
At the end of the ripening time, the exchange of gases considerably decreased in all of the treated samples. Vivier et al. 1996 attributed the reduction in respiration rates throughout ripening to several reasons: the lower microbial survival rate, the exhaustion of available lactose and the changes in the metabolic pathway of the microorganisms from aerobic to anaerobic. Untreated cheeses had respiration quotients close to 1 at both control times. However, both coated cheeses and those treated with antibiotics exhibited much higher values (2-6), due to their antimicrobial effect on aerobics at surface level. The internal diffusion of antimicrobials could also affect the survival of the starter microorganism, thus modifying the long-time ripening behaviour.

3.4. Sensory analyses
The results of the sensory analyses are summarized in Figure 5 and Table 2, where the different evaluated attributes are shown. As can be observed in Table 2, no significant differences (p>0.05) were detected in the appearance of the different cheeses. On the other hand, significant differences (p<0.05) were found between the aroma and flavour appreciation of the uncoated and coated samples, due to the impact of the essential oils on the overall flavour and aroma of the cheeses. Nevertheless, CH-O2 treated samples received the highest flavour and aroma scores (p<0.05), very likely due to the pleasant attributes imparted by oregano oil to the cheese matrix. On the contrary, both cheeses treated with the antibiotic and those triple-coated had the lowest scores in aroma and taste attributes, regardless of the essential oil used in the coating. This suggests the existence of a threshold for the perception of the essential oils in cheese matrices, from which point on a negative effect on sensory appreciation occurs.
The judges found no significant differences between the texture of uncoated and coated cheeses,  except for those treated with the antibiotic and those double-coated with CH containing rosemary oil, which were more negatively appreciated (the lowest score) (p<0.05). In general, the panellists did not find a marked overall preference among the cheeses, as can be observed in Figure 5. Nevertheless, those cheeses double-coated with CH containing oregano oil were considered to be the ones which were the most similar to the control, but with enhanced cheese flavour; this can be considered positive in terms of product quality.

4. Conclusions
Chitosan-essential oil coatings prevent weight loss in semi-hard cheeses during ripening, while improving their microbial safety. As occurred in the samples treated with the antibiotic, lipolytic and proteolytic activity was reduced in coated cheeses, in line with the antimicrobial effect of essential oils and/or chitosan which, in turn, affected the enzymatic activity during ripening. An analysis of the impact of the essential oils on the cheese sensory attributes reveals that when three successive coating treatments were applied, the threshold for undesirable aroma perception of essential oils was reached and the flavour and aroma of the cheeses were negatively affected as compared with the control. Nevertheless, cheeses that were double-coated with chitosan containing oregano oil were the best evaluated in terms of aroma and flavour, while the other attributes had values which were similar to those of the control. This coating treatment practically inhibited fungal growth during the ripening period. Therefore, the application of a double-coating based on chitosan and oregano essential oil is recommended.
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Table 1. Respiration rate of cheeses submitted to different treatments at initial time (t0) and after the first 15 days of ripening at 10 ºC and 80 % RH (t1), in terms of O2 consumption and CO2 generation. Mean values ± standard deviation.










a,b,c letters indicate significant differences among formulations (p<0.05).


















Figure 1. Concentration of Free Fatty Acids (FFA) in the non-treated cheeses (C), cheeses treated with antibiotic (A) and double (2) and triple (3) coated cheeses with chitosan-oregano oil (CH-O) and chitosan-rosemary oil (CH-R) after the first ripening period (t1) and after 15 days under vacuum packaging and chilling conditions (t2). Mean values and LSD intervals. 
Figure 2. Concentration of Free Amino Acids (FAA) in the non-treated cheeses (C), cheeses treated with the antibiotic (A) and double (2) and triple (3) coated cheeses with chitosan-oregano oil (CH-O) and chitosan-rosemary oil (CH-R) after the first ripening period (t1) and after 15 days under vacuum packaging and chilling conditions (t2). Mean values and LSD intervals. 
Figure 3. Weight loss development of non-treated cheeses (C) and double (CH-R2) and triple (CH-R3) coated cheeses with chitosan containing rosemary essential oils during ripening. Mean values and standard deviation.
Figure 4. Percentage of cheeses infected by natural fungal incidence of both genera during the ripening time under controlled conditions (10±5 oC, 80±5 %RH). The average number of CFU per cheese for each treatment is shown below. 






a,b,c letters indicate significant differences among formulations (p<0.05).







a,b,c letters indicate significant differences among formulations (p<0.05).
1,2 numbers indicate significant differences among times (p<0.05).
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